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Abstract 


A surface acoustic wave device has a main substrate; a comb-like electrode formed on one of the main 
surfaces of said main substrate; and a supplementary substrate joined with the other main surface of 
said main substrate, wherein said supplementary substrate has a smaller thermal expansion coefficient 
and a larger thickness than said main substrate. 
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Description 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to surface acoustic wave devices used for mobile communication 
equipment and their manufacturing method. 

2. Related Art of the Invention 

Due to the development of mobile communication, there is a growing demand for the improvement of 
the performance of surface acoustic wave devices that are one of the key devices in manufacturing 
equipment. The characteristics of surface acoustic wave devices depend on the electromechanical 
coupling coefficient, delay time temperature coefficient, and surface acoustic wave propagation velocity 
of piezoelectric substrates. Common piezoelectric substrates are now formed of piezoelectric 
monocrystal such as crystal, lithium tantalate, or lithium niobate. Due to the anisotropy of the 
piezoelectric monocrystal, substrates of the same material may have different characteristics 
depending on their cut angle or propagating direction. Thus, such substrates are selected depending 
on their applications. In general, the temperature coefficient of frequency (TCF) of these piezoelectric 
substrates increases with increasing electromechanical coupling coefficient, while it decreases with 
decreasing TCF, and substrate materials have been required that have a large electromechanical 
coupling coefficient and a small TCF. 

In addition, various mobile communication systems are used and the working frequency band has 
spread from a conventional 800-MHz band to a 1.9-GHz band. The PCS system in the U.S. and the 
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2^«™2fl?i n Eur ° Pe ? re m ° bile communication systems that use the 1.9-GHz band and that have a 
very smal difference in frequency (20 MHz) between the transmission and reception bands Thus if 
tor example, a transmission filter is used, it is very difficult to achieve sufficient attenuation in the ' ' 
S^E^fS ^ e /\ a SUrfaCe acoustic wave fllter « used for these systems, piezoelectric substrates 
formed of lithium tantalate or niobate having a large electromechanical coupling coefficient are normally 
used in order to provide a pass band. Due to the large TCF of such piezoelectric substrates (for 

2S"iniS fSS; £ ^ D , EG °. in MthiUm tantalate for 36 DEG Y " cut and X Propagation), however, 
only 10-odd MHz of interval can be substantially provided between the transmission and reception 
bands taking the operating temperature range and manufacturing deviances into consideration 
Consequently, in the above example of a transmission filter, it is further difficult to achieve sufficient 
attenuation in the reception band. These factors further enhance a demand for piezoelectric substrates 
having a large electromechanical coupling coefficient and excellent temperature characteristics. 

Various approaches have been executed to improve the TCF of surface acoustic wave devices For 
example, (1) the well known methods disclosed in J. Appl. Phys. (Vol. 50. pp. 1360-1369 1979) and 
IEEE Transactions Sonics and Ultrasonics (Vol. SU-31, pp. 51-57, 1984) improve the TCF of surface 
acoustic wave devices by forming on lithium tantalate or niobate a silicon oxide film (Si02) of a TCF 
with an opposite sign. (2) In addition, the method disclosed in IEEE Transactions Ultrasonics 
Ferroelectr.es, and Frequency Control (Vol. 41, pp. 872-875, 1994) forms a polarization inverting layer 
on the surface of a piezoelectric substrate to allow the electrostatic short-circuit effect of the 
piezoelectric to be used to control the TCF of a surface acoustic wave device. (3) A method has also 
been proposed that directly joins different piezoelectric substrates together to provide a piezoelectric 
substrate having new piezoelectric characteristics. 

Conventional surface acoustic wave devices are described below. 

First, a conventional surface acoustic wave device is described in which a silicon oxide film is formed 
on an existing piezoelectric substrate. FIG. 9 is a sectional view of a conventional surface acoustic 
wave device in which a silicon oxide film is formed on a piezoelectric substrate. In this fiqure 201 is a 
piezoelectric substrate, 203 is a comb-like electrode, and 204 is a silicon oxide film. The piezoelectric 
substrate 201 compnses lithium tantalate or niobate. This surface acoustic wave device is fabricated bv 
forming the comb-l.ke electrode 203 on the piezoelectric substrate 201, and using a sputtering method 
to form the siheon ox.de film 204 on the piezoelectric substrate 201 on which the comb-like electrode 
203 is formed The piezoelectric characteristics vary depending on the thickness of silicon oxide and a 

SrfacTaS ° btained 3t 3 C6rtain thiCkneSS (norma " y ex P ressed °y normalizing the 

Next, a conventional surface acoustic wave device is discussed in which a polarization inverting layer is 
formed on the surface of a piezoelectric substrate. FIG. 10 is a sectional view of a conventional surface 
acoustic wave device in which a polarization inverting layer is formed on the surface of a piezoelectric 
substrate. In this figure, 201 is the piezoelectric substrate, 203 is the comb-like electrode and 205 is a 
polarization inverting layer. This surface acoustic wave device is fabricated by forming the polarization 
7**2% '^fon 0 , 5 ,° A 1 the f ° nt ? rface ° f the P iezoele <*ric substrate 201 and then forming the comb- 
£.» ~« ♦ ?2?' y^onf P olarizat,on '"verting layer 205 has a certain depth, the electrostatic short- 
circuit effect of this layer 205 improves its temperature characteristics compared to existing 
piezoelectric substrates. 

In addition, FIG. 11 is a sectional view showing a configuration of a conventional surface acoustic wave 
device wherein piezoelectric monocrystals are directly joined together to provide new piezoelectric 
characteristics. In this figure, 201 is a main substrate consisting of a first piezoelectric substrate 202 is 
a supptementary substrate consisting of a second piezoelectric substrate, and 203 is a comb-like 
electrode^ According to this configuration, a surface acoustic wave device with new characteristics is 
provided by reducing the thickness of the main substrate 201 below one surface acoustic wavelenqth to 
excite a surface acoustic wave in a mode different from that of a surface acoustic wave that propagates 
along the main substrate. 

These conventional surface acoustic wave devices, however, have the following problems. 

First, while the silicon oxide film or polarization inverting layer can improve the temperature 
characteristics, the characteristics of the piezoelectric substrate inevitably change. That is, the surface 
acoustic wave velocity may vary, the propagation loss of surface acoustic waves may increase the 
electromechanical coupling coefficient may vary, or unwanted spurious responses may occur ' 
hurthermore, if the silicon oxide film is used, the varying thickness of this film may cause the 
piezoelectric characteristics and surface acoustic wave velocity of the piezoelectric substrate to vary 
thereby hindering manufacturing deviances from being controlled. The film quality of silicon oxide may 
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cause the characteristics of the substrate to change. Similarly, if the polarization inverting layer is used 
varying the depth of the polarization inverting layer may cause the piezoelectric characteristics and 
surface acoustic wave velocity of the piezoelectric substrate to change. 

On the other hand, the conventional surface acoustic wave device using a direct junction requires the 
thickness of the first piezoelectric substrate, that is, the main substrate to be reduced accurately, 
thereby preventing high frequencies from being used for the process. 

SUMMARY OF THE INVENTION 

In view of the difficulty in controlling the temperature characteristics of such conventional piezoelectric 
substrates for surface acoustic waves, the present invention provides a surface acoustic wave device 
having excellent temperature characteristics and manufacturing methods that do not change the 
characteristics of the piezoelectric substrate such as the electromechanical coupling coefficient or 
surface acoustic wave velocity. 

To solve the problems described above, the present invention according to a first aspect is a surface 
acoustic wave device comprising a main substrate; a comb-like electrode formed on one of the main 
surfaces of said main substrate; and a supplementary substrate joined with the other main surface of 
said main substrate, wherein said supplementary substrate has a smaller thermal expansion coefficient 
and a larger thickness than said main substrate. 

The present invention according to a second aspect is a surface acoustic wave device comprising a 
main substrate; a comb-like electrode formed on one of the main surfaces of said main substrate; and a 
supplementary substrate joined with the other main surface of said main substrate, wherein said ' 
supplementary substrate has a larger thermal expansion coefficient and a smaller thickness than said 
main substrate. 

The present invention according to a third aspect is a surface acoustic wave device manufacturing 
method comprising a hydrophilic treatment step of washing a main substrate and a supplementary 
substrate to make them hydrophilic; a direct joining step of directly joining said main and supplementary 
substrates after said hydrophilic treatment; and an electrode forming step of forming a comb-like 
electrode on said main substrate after said direct joining step, wherein said supplementary substrate 
has a smaller thermal expansion coefficient and a larger thickness than said main substrate. 

The present invention according to a fourth aspect is a surface acoustic wave device manufacturing 
method comprising a hydrophilic treatment step of washing a main substrate and a supplementary 
substrate to make them hydrophilic; a direct joining step of directly joining said main and supplementary 
substrates after said hydrophilic treatment; and an electrode forming step of forming a comb-like 
electrode on said main substrate after said direct joining step, wherein said supplementary substrate 
has a larger thermal expansion coefficient and a smaller thickness than said main substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(a) and 1(b) show a perspective and a sectional views of a surface acoustic wave device 
according to a first embodiment of this invention; 

FIG. 2 shows the dependence on the temperature of the frequency of the surface acoustic wave device 
according to the first embodiment of this invention; 

FIG. 3 shows a sectional view of a surface acoustic wave device according to a second embodiment of 
this invention; 

FIG. 4 shows a sectional view of a surface acoustic wave device according to a third embodiment of 
this invention; 

FIGS. 5(a) and 5(b) show sectional views of two surface acoustic wave devices according to a fourth 
embodiment of this invention; 

FIG. 6 shows a sectional view of a surface acoustic wave device according to a fifth embodiment of this 
invention; 

FIG. 7 shows a sectional view of a surface acoustic wave device according to a sixth embodiment of 
this invention; 
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FIG. 8 schematically shows a perspective view of a method for manufacturing a surface acoustic wave 
device according to a seventh embodiment of this invention; 

FIG. 9 is a sectional view schematically showing a structure of a conventional surface acoustic wave 
device; 

FIG. 10 is a sectional view schematically showing another structure of a conventional surface acoustic 
wave device; and 

FIG. 1 1 is a sectional view schematically showing yet another structure of a conventional surface 
acoustic wave device. 

Description of Symbols 

101 Main substrate 

102 Supplementary substrate 

103 Comb-like electrode 

104 Silicon oxide film 

105 Polarization inverting layer 

106 Conductive film 

107 Insulating film 

108 Groove portion 

109 Cut line 

1 1 1 Main substrate material 

112 Supplementary substrate material 

PREFERRED EMBODIMENTS 

Embodiments of this invention are described below with reference to the drawings. 
(First embodiment) 

FIG. 1 schematically shows a configuration of a surface acoustic wave device according to a first 
embodiment of this invention. FIG. 1(a) is a schematic perspective view, and FIG. 1(b) is a sectional 
view taken along line A-A' in FIG. 1(a). In FIG. 1, 101 is a main substrate, 102 is a supplementary 
substrate, and 103 is a comb-like electrode. According to this embodiment, the main substrate 101 
comprises 36 DEG Y-cut X-propagating lithium tantalate of thickness 100 .mu.m, and the 
supplementary substrate 102 comprises a low-thermal-expansion glass substrate of thickness 
300 .mu.m. The thickness of the main substrate 101 is set equal to 10 wavelegnths and is thus 
sufficiently large compared with the surface acoustic wavelength. The thermal expansion coefficient of 
the lithium tantalate substrate is 16 ppm/ DEG C. (surface acoustic wave propagating direction), and 
the thermal expansion coefficient of the glass substrate is 4.5 ppm/ DEG C. That is, the glass substrate 
has a smaller thermal expansion coefficient than the lithium tantalate substrate. 

A method for manufacturing a surface acoustic wave device according to an embodiment of this 
invention is described below with reference to the drawings. 

First, the direct junction of the main substrate 101 and the supplementary substrate 102 is described 
The main and supplementary substrates 101 and 102 that have been mirror-finished are prepared. 
Then, both substrates are sufficiently washed to remove dust and organic substances therefrom. Both 
substrates are immersed in a mixed solution of ammonium hydroxide and hydrogen peroxide to make 
their surfaces hydrophilic. Both substrates are sufficiently rinsed with pure water to terminate their 
surfaces with a hydroxy! group. Then, both substrates are joined at on their respective main surfaces. 
Initially, they are mutually joined via water, but the moisture is gradually removed to change their 
junction to one provided by the inter-molecular force of the hydroxyl group, oxygen, and hydrogen, 
thereby firmly joining the main and supplementary substrates 101 and 102 together (initial junction). 

Then, both substrates that are initially joined together are thermally treated. Although a certain junction 
strength can be obtained by leaving the substrates under the room temperature, they are thermally 
treated at 100 DEG C. or higher for several tens of minutes to several tens of hours in order to increase 
a junction strength. If there is a large difference between the thermal expansion coefficients of the 
substrates as in this embodiment, an upper limit must be set for the thermal treatment temperature 
depending on the size of both substrates (the junction area). This is because the increase in 
temperature may cause the initially joined substrates to be warped and because an excessive increase 
in temperature may cause the substrates to be cracked. Conversely speaking, the establishment of the 
initial junction is proved by the fact that the excessive increase in temperature causes the substrates to 
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be cracked. In this manner, when heated below the upper limit, the initially joined substrates have a 
sufficient junction strength and do not slide during the thermal treatment, providing a joined body 
without residual stress under the room temperature after the thermal treatment. 

Then, a normal photolithography technique is used to form the comb-like electrode 103 on the main- 
substrate-side surface of the joined body obtained. During this process, the substrates may-warp 
during a heating process such as the prebaking of a photoresist, so the temperature distribution on the 
surface of the substrate will be wide if a hot plate is used. Thus, an oven is preferably used during the 
thermal treatment. The surface acoustic wave device according to this embodiment is manufactured via 
the above process. 

Next, the temperature characteristics of the surface acoustic wave device are described The TCF of 
the surface acoustic wave device is approximately given as the difference between the temperature 
coefficient of velocity (TCV) of the surface acoustic wave and the thermal expansion coefficient 
(.alpha.) of the device substrate. In addition, the TCV depends on the thermal variation of the elastic 
constant of the substrate and the thermal variation of its density. Tight-coupling substrates of lithium 
tantalate or niobate have a negative TCV (the surface acoustic wave propagation velocity decreases 
with increasing temperature). 

With respect to the TCV of the junction substrate used in the surface acoustic wave device according to 
this embodiment, the nature of the supplementary substrate is neglibible because the thickness of the 
main substrate 101 is larger than or equal to one surface acoustic wavelength. Consequently only the 
elastic constant and density of the main substrate must be mainly taken into consideration Since 
however, the density is a function of the thermal expansion coefficient of the surface of the substrate 
distortion caused by thermal stress caused by the difference in thermal expansion coefficient between 
the mam substrate and the supplementary substrate 102 must be taken into consideration In addition 
the variation of the elastic constant caused by the distortion must be taken into consideration. 

This embodiment directly joins the main substrate 101 of a large thermal expansion coefficient with the 
supplementary substrate 102 of a larger thickness and a smaller thermal expansion coefficient than the 
main substrate. Thus, compression stress acts near the surface of the main substrate due to a positive 
temperature variation, and the thermal expansion coefficient of the main substrate and the variation of 
its density are smaller than its inherent ones. As a result, the variation of the TCV and of the linear 
expansion coefficient in the surface acoustic wave propagating direction are small, and the TCF of the 
surface acoustic wave device is improved. 

FIG. 2 shows thermal variations in the frequency of the surface acoustic wave device according to this 
embodiment. This figure shows the results of the use of a one-port resonator of resonance frequency 
500 MHz as a surface acoustic wave device. As shown in the figure, the TCF of the surface acoustic 
wave device according to this embodiment is significantly improved; it is -20 ppm/ DEG C whereas the 
TCF of the conventional 36 DEG Y-cut X-propagating lithium tantalate is -35 ppm/ DEG C. 

As described above, this embodiment provides a surface acoustic wave device having excellent 
temperature characteristics without changing its characteristics such as the electromechanical coupling 
coefficient and surface acoustic wave propagation velocity. 

Although this embodiment uses the 36 DEG Y-cut X-propagating lithium tantalate as the main 
substrate, it is not limited to this aspect, and similar effects can be obtained with another cut angle by 
using a supplementary substrate having a smaller thermal expansion coefficient than the main 
substrate. In addition, even if the thermal expansion coefficients of both substrates are equivalent in the 
surface acoustic wave propagating direction, the density variation can be prevented to improve the TCF 
by setting the thermal expansion coefficient of the supplementary substrate smaller than that of the 
main substrate in the direction perpendicular to the surface acoustic wave propagating direction The 
degree of the improvement, however, is low because only the TCV contributes to this effect In addition 
similar effects can be obtained by using lithium niobate, Langasite(La3 Ga5 S:014), or lithium borate 
for the main substrate. 

In addition, although this embodiment sets the thickness of the main substrate about ten times as large 
as the surface acoustic wavelength, it is not limited to this aspect, and the temperature characteristics 
of the surface acoustic wave device can be improved without affecting its characteristics as long as the 
thickness is larger than or equal to about one wavelength in which the particle displacement of the 
surface acoustic wave concentrates. Thus, according to this embodiment, the main substrate can be 
subjected to processing such as polishing from one of the main surfaces of the directly joined main 
substrates to reduce its thickness in order to increase the effect of the stress of the supplementary 
substrate, thereby further improving the temperature characteristics. 
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In addition, although this embodiment uses glass as the supplementary substrate, it is not limited to this 
aspect, and a different low-thermal-expansion material such as silicon may be used. If glass is used as 
the supplementary substrate, it can be joined easily with the main monocrystal substrate due to its 
amorphousness. In addition, the composition of glass enables materials of various mechanical 
properties to be obtained to allow the temperature characteristics to be controlled easily. If a conductor 
is used as the supplementary substrate, it can restrain, for example, the pyroelectricity of the main 
substrate. Furthermore, in this case, when the main substrate is relatively thin, its electrostatic short- 
circuit effect enables the temperature characteristics to be improved. 

(Second embodiment) 

FIG. 3 schematically shows a sectional view of a configuration of a surface acoustic wave device 
according to a second embodiment of this invention. In FIG. 3, 101 is the main substrate, 102 is the 
supplementary substrate, and 103 is the comb-like electrode. According to this embodiment, the main 
substrate 101 comprises an X-cut 112 DEG Y-propagating lithium tantalate of 300 .mu.m thickness, 
and the supplementary substrate 102 comprises glass of 100 .mu.m thickness. The thickness of the 
main substrate 101 is set at a sufficiently large value compared to the surface acoustic wavelength. 
The thermal expansion coefficient is 4 ppm/ DEG C. (the Z direction) for the lithium tantalate substrate 
and 12 ppm/ DEG C. for the glass substrate. That is, the glass substrate has a smaller thermal 
expansion coefficient than the main substrate. The configuration of the comb-like electrode 103 is 
similar to that in the first embodiment. 

A method for manufacturing the surface acoustic wave device according to this embodiment is 
described below with reference to the drawings. Those steps which are not particularly described below 
are the same as in the first embodiment. 

First, as in the first embodiment, the main substrate 101 is directly joined with the supplementary 
substrate 102. The initially joined substrates are thermally treated in the air to increase the junction 
strength. Then, a normal photolithography technique is used to form the comb-like electrode 103 on the 
main-substrate-side surface of the joined body obtained. The surface acoustic wave device according 
to this embodiment is manufactured through the above process. 

Next, the temperature characteristics of the surface acoustic wave device are described. The TCF of 
the surface acoustic wave device is approximately given as the difference between the TCV of the 
surface acoustic wave and the thermal expansion coefficient (.alpha.) of the device substrate as 
described above. If the main substrate 101 of a small thermal expansion coefficient is directly joined 
with the supplementary substrate 102 having a smaller thickness and a larger thermal expansion 
coefficient than the main substrate according to this embodiment, a positive temperature variation 
causes tensile stress to occur on the main-substrate side of the junction interface, thereby causing the 
joined body to be warped toward the main substrate. Thus, the combination of the main and 
supplementary substrates 101 and 102 according to this embodiment provides effects similar to those 
obtained when the thermal expansion coefficient of the surface acoustic wave substrate of the main 
substrate is reduced. Thus, the temperature characteristics can be improved as in the first embodiment. 

Although this embodiment uses the X-cut 112 DEG Y-propagating lithium tantalate as the main 
substrate 101, it is not limited to this aspect, and similar effects can be obtained by using a 
supplementary substrate having a larger thermal expansion coefficient than the main substrate even if 
a different cut angle is used. 

In addition, similar effects can be obtained by using lithium niobate, Langasite, or lithium borate for the 
main substrate. 

Although this embodiment uses glass as the supplementary substrate, it is not limited to this aspect 
but, for example, the pyroelectricity of the main substrate can be restrained by using a conductor as the 
supplementary substrate. 

As described above, this embodiment provides a surface acoustic wave device having excellent 
temperature characteristics without changing its characteristics such as the electromechanical coupling 
coefficient and surface acoustic wave propagation velocity. 

(Third embodiment) 

FIG. 4 schematically shows a sectional view of a configuration of a surface acoustic wave device 
according to a third embodiment of this invention. In FIG. 4, 101 is the main substrate, 102 is the 
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supplementary substrate, 103 is the comb-like electrode, and 104 is a silicon oxide film. According to 
this embodiment, the main substrate 101 comprises a 41 DEG Y-cut X-propagating lithium niobate of 
100 .mu.m thickness, and the supplementary substrate 102 comprises low-thermal-expansion glass of 
300 .mu.m thickness. The thickness of the main substrate is set at a sufficiently large value compared 
to the surface acoustic wavelength. The thermal expansion coefficient is 15.4 ppm/ DEG C (the 
surface acoustic wave propagating direction) for the lithium niobate substrate and 4 5 ppm/ DEG C for 
the glass substrate. The configuration of the comb-like electrode 103 is similar to that in the first 
embodiment 



A method for manufacturing the surface acoustic wave device according to this embodiment is 
descnbed below with reference to the drawings. Those steps which are not particularly described below 
are the same as in the first embodiment. 

First, as in the first embodiment, the main substrate 101 is directly joined with the supplementary 
substrate 102. Then, the comb-like electrode 103 is formed on one of the main surfaces of the main 
substrate 101. Finally, sputtering is used to form the silicon oxide film 104 on the main substrate 101 on 
which the comb-like electrode 103 is formed. The surface acoustic wave device according to this 
embodiment is manufactured through the above process. 

As in the first embodiment, by directly joining the main and supplementary substrates 101 and 102 
together, stress caused by the difference in the thermal expansion coefficients of both substrates 
enables the temperature characteristics of the main substrate to be improved. Besides since this 
embodiment forms the silicon oxide film 104 on the main substrate 101, the temperature characteristics 
can be further improved. The temperature compensation method using a silicon oxide film is well 
known, but this embodiment provides various piezoelectric characteristics compared to this simple use 
of the silicon oxide film and enables a substrate of a zero temperature characteristic to be obtained by 
appropriately selecting the characteristics of the supplementary substrate. 

As described above, this embodiment can provide a surface acoustic wave device having not only 
excellent temperature characteristics but also piezoelectric characteristics different from those of a 
substrate of the zero temperature coefficient which are conventionally obtained using the silicon oxide 
film. 

Although this embodiment uses the 41 DEG Y-cut X-propagating lithium niobate as the main substrate 
it is not limited to this aspect, and similar effects can be obtained by using a supplementary substrate 
having a smaller thermal expansion coefficient than the main substrate even if a different cut angle is 
used. In addition, even if the thermal expansion coefficients of both substrates are equivalent in the 
surface acoustic wave propagating direction, the density variation can be prevented to improve the TCF 
by setting the thermal expansion coefficient of the supplementary substrate smaller than that of the 
main substrate in the direction perpendicular to the surface acoustic wave propagating direction The 
degree of the improvement, however, is low because only the TCV contributes to this effect In addition 
similar effects can be obtained by using lithium tantalate, Langasite, or lithium borate for the main 
substrate. 

In addition, although this embodiment uses glass as the supplementary substrate, it is not limited to this 
aspect, and a different low-thermal-expansion material such as silicon may be used. If a conductor is 
used as the supplementary substrate, it can restrain, for example, the pyroelectricitv of the main 
substrate. 

(Fourth embodiment) 

FIG. 5(a) schematically shows a sectional view of a configuration of a surface acoustic wave device 
according to a fourth embodiment of this invention. In FIG. 5(a), 101 is the main substrate 102 is the 
supplementary substrate, 103 is the comb-like electrode, and 105 is a polarization inverting layer 
According to this embodiment, the main substrate 101 comprises a 36 DEG Y-cut X-propagating lithium 
tantalate of 100 .mu.m thickness, and the supplementary substrate 102 comprises low-thermal- 
expansion glass of 300 .mu.m thickness. The thickness of the main substrate is set at a sufficiently 
targe value compared to the surface acoustic wavelength. The thermal expansion coefficient is 16 ppm/ 

i S"J[? e surface ac °ustic wave propagating direction) for the lithium tantalate substrate and 4 5 
ppm/ DEG C. for the glass substrate. The configuration of the comb-like electrode 103 is similar to that 
in the first embodiment. 

A method for manufacturing the surface acoustic wave device according to this embodiment is 
descnbed below with reference to the drawings. Those steps which are not particularly described below 
are the same as in the first embodiment. 
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First, as in the first embodiment, the main substrate 101 is directly joined with the supplementary 
substrate 102. Then, the polarization inverting layer 105 is formed on the comb-like-electrode 103 side 
of the main substrate 101. The polarization inverting layer is normally formed through a proton 
replacement and a thermal treatment processes. According to this embodiment, the thickness of the 
polarization inverting layer 105 is one-fifth of the surface acoustic wavelength. Finally, a normal 
photolithography process is used to form the comb-like electrode 103 on the main substrate 101 on 
which the polarization inverting layer 105 is formed. The surface acoustic wave device according to this 
embodiment is manufactured through the above process. 

As in the first embodiment, by directly joining the main and supplementary substrates 101 and 102 
together, stress caused by the difference in the thermal expansion coefficients of both substrates 
enables the temperature characteristics of the main substrate to be improved. Besides, since this 
embodiment forms the polarization inverting layer on the main substrate, its electrostatic short-circuit 
effect enables the temperature characteristics to be further improved. The temperature compensation 
method using the polarization inverting layer is well known, but this embodiment can further improve 
the temperature characteristics compared to this simple use of the polarization inverting layer. 

As described above, this embodiment can provide a surface acoustic wave device having not only 
excellent temperature characteristics but also other piezoelectric characteristics different from the 
conventional ones obtained using the polarization inverting layer. 

Although this embodiment uses the 36 DEG Y-cut X-propagating lithium tantalate as the main 
substrate, it is not limited to this aspect, and similar effects can be obtained by using a supplementary 
substrate having a smaller thermal expansion coefficient than the main substrate even if a different cut 
angle is used. In addition, even if the thermal expansion coefficients of both substrates are equivalent 
in the surface acoustic wave propagating direction, the density variation can be prevented to improve 
the TCF by setting the thermal expansion coefficient of the supplementary substrate smaller than that 
of the main substrate in the direction perpendicular to the surface acoustic wave propagating direction. 
The degree of the improvement, however, is low because only the TCV contributes to this effect. In 
addition, similar effects can be obtained by using lithium niobate, Langasite, or lithium borate for the 
main substrate. 

In addition, although this embodiment uses glass as the supplementary substrate, it is not limited to this 
aspect, and a different low-thermal-expansion material such as silicon may be used. If a conductor is 
used as the supplementary substrate, it can restrain, for example, the pyroelectricity of the main 
substrate. 

In addition, although this embodiment directly joins the main and supplementary substrates together 
and then forms the polarization inverting layer, the main substrate on which the polarization inverting 
layer has already been formed may be directly joined with the supplementary substrate. The 
polarization-inverting-layer formation method is not limited to this embodiment, and the main substrate 
may be formed by directly joining together piezoelectric substrates 101A and 101B of different 
polarizing directions as shown in FIG. 5(b). If the polarization inverting layer is formed using the direct 
junction, the thickness of the polarization inverting layer can be controlled easily to uniformize the 
piezoelectric characteristics of the main substrate. 

In addition, the thickness of the polarization inverting layer is not particularly limited, and a surface 
acoustic wave device having various piezoelectric characteristics and excellent temperature 
characteristics can be obtained by selecting a supplementary substrate depending on the thickness of 
the polarization inverting layer. 

(Fifth embodiment) 

FIG. 6 schematically shows a sectional view of a configuration of a surface acoustic wave device 
according to a fifth embodiment of this invention. In FIG. 6, 101 is the main substrate, 102 is the 
supplementary substrate, 103 is the comb-like electrode, and 106 is a conductive film. According to this 
embodiment, the main substrate 101 comprises a 36 DEG Y-cut X-propagating lithium tantalate of 
100 .mu.m thickness which has been processed so that its thickness is about one surface acoustic 
wavelength as is described later, and the supplementary substrate 102 comprises low-thermal- 
expansion glass of 300 .mu.m thickness. The thermal expansion coefficient is 16 ppm/ DEG C. (the 
surface acoustic wave propagating direction) for the lithium tantalate substrate and 4.5 ppm/ DEG C. 
for the glass substrate. The configuration of the comb-like electrode 103 is similar to that in the first 
embodiment. 
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A method for manufacturing the surface acoustic wave device according to this embodiment is 
described below with reference to the drawings. Those steps which are not particularly described below 
are the same as in the first embodiment. 

First, the conductive film 106 is formed on one of the main surfaces of the supplementary substrate 102 
in a part corresponding to at least the comb-like electrode 103. According to this embodiment, a 
several-hundred-Angstrom conductive film 106 is formed of chromium. Then, as in the first 
embodiment, the main substrate 101 is joined with the supplementary substrate 102 on which the 
conductive film 106 is formed. In this case, the conductive film 106 and the main substrate 101 are 
directly joined together. Then, the main substrate 101 is polished until its thickness almost equals one 
surface acoustic wavelength. Finally, a normal photolithography process is used to form the comb-like 
electrode 103 on the main substrate 101. The surface acoustic wave device according to this 
embodiment is manufactured through the above process. 

As in the first embodiment, by directly joining the main and supplementary substrates 101 and 102 
together, stress caused by the difference in the thermal expansion coefficients of both substrates 
enables the temperature characteristics of the main substrate to be improved. Besides, since this 
embodiment forms the conductive film between the main substrate and the supplementary substrate to 
reduce the thickness of the main substrate, its electrostatic short-circuit effect can be used to further 
improve the temperature characteristics of the surface acoustic wave device. 

As described above, this embodiment can not only provide a surface acoustic wave device having 
excellent temperature characteristics but also prevent the pyroelectric breakage of the comb-like 
electrode. 

Although this embodiment uses the 36 DEG Y-cut X-propagating lithium tantalate as the main 
substrate, it is not limited to this aspect, and similar effects can be obtained by using a supplementary 
substrate having a smaller thermal expansion coefficient than the main substrate even if a different cut 
angle is used. In addition, even if the thermal expansion coefficients of both substrates are equivalent 
in the surface acoustic wave propagating direction, the density variation can be prevented to improve 
the TCF by setting the thermal expansion coefficient of the supplementary substrate smaller than that 
of the main substrate in the direction perpendicular to the surface acoustic wave propagating direction. 
The degree of the improvement, however, is low because only the TCV contributes to this effect. In 
addition, similar effects can be obtained by using lithium niobate, Langasite, or lithium borate for the 
main substrate. 

In addition, although this embodiment uses glass as the supplementary substrate, it is not limited to this 
aspect, and a different low-thermal-expansion material such as silicon may be used. 

In addition, although this embodiment has been described in conjunction with the formation of the 
conductive film on the supplementary substrate, it is not limited to this aspect, and the conductive film 
may be formed on the main substrate or both main and supplementary substrates. 

Although this embodiment uses chromium as the conductive film, it is not limited to this aspect and 
another metal material may be used. 

(Sixth embodiment) 

FIG. 7 schematically shows a sectional view of a configuration of a surface acoustic wave device 
according to a sixth embodiment of this invention. In FIG. 7, 101 is the main substrate, 102 is the 
supplementary substrate, 103 is the comb-like electrode, and 107 is an insulating film ' According to this 
embodiment, the main substrate 101 comprises a 36 DEG Y-cut X-propagating lithium tantalate of 
100 .mu.m thickness, and the supplementary substrate 102 comprises silicon of 300 .mu.m thickness 
The thickness of the main substrate is set at a sufficiently large value compared to the surface acoustic 
wavelength. The thermal expansion coefficient is 16 ppm/ DEG C. (the surface acoustic wave 
propagating direction) for the lithium tantalate substrate and 4.5 ppm/ DEG C. for the silicon substrate 
The configuration of the comb-like electrode 103 is similar to that in the first embodiment. 

A method for manufacturing the surface acoustic wave device according to this embodiment is 
descnbed below with reference to the drawings/Those steps which are not particularly described below 
are the same as in the first embodiment 

First, the insulating film 107 is formed on one of the main surfaces of the supplementary substrate 102. 
According to this embodiment, a sputtering method is used to form a 1000-Angstrom insulating film 107 
of silicon oxide. Then, as in the first embodiment, the main substrate 101 is joined with the 
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supplementary substrate 102 on which the insulating film 107 is formed. In this case, the insulating film 
107 and the main substrate 101 are directly joined together. Finally, a normal photolithography process 
is used to form the comb-like electrode 103 on the main substrate 101. The surface acoustic wave 
device according to this embodiment is manufactured through the above process. 

As in the first embodiment, by directly joining the main and supplementary substrates 101 and 102 
together, stress caused by the difference in the thermal expansion coefficients of both substrates 
enables the temperature characteristics of the main substrate to be improved. Besides, since this 
embodiment forms the insulating film between the main substrate and the supplementary substrate, 
even a main and a supplementary substrates that cannot be easily combined together due to their 
compositions can be indirectly joined together. 

As described above, this embodiment can provide a surface acoustic wave device having excellent 
temperature characteristics. 

Although this embodiment uses the 36 DEG Y-cut X-propagating lithium tantalate as the main 
substrate, it is not limited to this aspect, and similar effects can be obtained by using a supplementary 
substrate having a smaller thermal expansion coefficient than the main substrate even if a different cut 
angle is used. In addition, even if the thermal expansion coefficients of both substrates are equivalent 
in the surface acoustic wave propagating direction, the density variation can be prevented to improve 
the TGF by setting the thermal expansion coefficient of the supplementary substrate smaller than that 
of the main substrate in the direction perpendicular to the surface acoustic wave propagating direction. 
The degree of the improvement, however, is low because only the TCV contributes to this effect. In 
addition, similar effects can be obtained by using lithium niobate, Langasite, or lithium borate for the 
main substrate. 

In addition, although this embodiment uses glass as the supplementary substrate, it is not limited to this 
aspect, and a different low-thermal-expansion material such as silicon may be used. 

In addition, although this embodiment has been described in conjunction with the formation of the 
insulating film on the supplementary substrate, it is not limited to this aspect, and the insulating film 
may be formed on the main substrate or both main and supplementary substrates. 

Although this embodiment uses silicon oxide as the insulating film, it is not limited to this aspect, and 
another inorganic film may be used. 

(Seventh embodiment) 

Next, a seventh embodiment of this invention is described with reference to the drawings. This 
embodiment relates to a manufacturing method wherein a plurality of surface acoustic wave devices 
according to this invention are formed on the same substrate material. FIG. 8 schematically shows a 
perspective view of a method for manufacturing a surface acoustic wave device according to a seventh 
embodiment of this invention. In FIG. 8, 111 is the main substrate material, 112 is the supplementary 
substrate material, 103 is the comb-like electrode, 108 is a groove portion, and 109 is a cut line. 
According to this embodiment, the main substrate material 1 1 1 comprises a 36 DEG Y-cut X- 
propagating lithium tantalate of 100 .mu.m thickness, and the supplementary substrate material 112 
comprises low-thermal-expansion glass of 300 .mu.m thickness. The thickness of the main substrate 
material 1 1 1 is set equal to 10 wavelengths and is thus sufficiently large compared with the surface 
acoustic wavelength. The thermal expansion coefficient is 16 ppm/ DEG C. (the surface acoustic wave 
propagating direction) for the lithium tantalate substrate and 4.5 ppm/ DEG C. for the glass substrate. 

A method for manufacturing the surface acoustic wave device according to this embodiment is 
described below with reference to the drawings. 

First, a process for directly joining the main and supplementary substrate materials 1 1 1 and 112 
together. The main and supplementary substrate materials 111 and 112 that have been mirror-finished 
are prepared. Then, the groove portions 108 are formed on the supplementary substrate material 112 
at positions corresponding to the cut lines 109. According to this embodiment, a metallic pattern is 
formed on the supplementary substrate material 112, which is then etched to form the groove portions 
108 therein. Then, both substrate materials are sufficiently washed to remove dust and organic 
substances therefrom. Both substrate materials are immersed in a mixed solution of ammonium 
hydroxide and hydrogen peroxide to make their surfaces hydrophilic. This step allows their surfaces to 
terminate with a hydroxyl group. Then, both substrate materials are rinsed with pure water and placed 
on their respective main surfaces. Initially, they are mutually joined via water, but the moisture is 
gradually vaporized and removed to change their junction to one provided by the inter-molecular force 
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of the hydroxyl group and oxygen, thereby firmly joining the main and supplementary substrate 
materials 1 11 and 1 12 together (initial junction). By forming the groove portions 108 in the 
supplementary substrate material 112 as in this embodiment, the unwanted moisture is removed easily 
even from the center of the substrate material via the groove portions. 

Then, both substrate materials that are initially joined together are thermally treated. Although a certain 
junction strength can be obtained by leaving the substrate materials under the room temperature they 
ate thermally treated at 100 DEG C. or higher for several tens of minutes to several tens of hours in 
order to increase a junction strength. If there is a large difference between the thermal expansion 
coefficients of the substrate materials as in this embodiment an upper limit must be set for the thermal 
treatment temperature depending on the size of both substrate materials (the junction area) This has 
been described as in Embodiment 1. 

In addition, as described above, when substrates of different thermal expansion coefficients are directly 
joined together, significant stress may occur during thermal treatment to destroy one of the substrate 
materials. Thus, the groove portions can be provided to reduce the stress in order to enable thermal 
treatment at higher temperatures, thereby further increasing the junction strength. 

Next, a normal photolithography technique is used to form the comb-like electrode 103 on the main- 
substrate-material-side surface of the joined body obtained. During this process, the substrate 
materials may warp during a heating process such as the prebaking of a photoresist, so the 
temperature distribution in the substrate material will be wide if a hot plate is used Thus an oven is 
preferably used during the thermal treatment. 

Finally, the substrate material is divided into a plurality of surface acoustic wave devices along the cut 
lines 109. During this step, the groove portions 109 are removed together with the cut lines 108. Thus 
the groove portions are absent from the comb-like electrode portion of each of the individually divided' 
surface acoustic wave devices, so uniform thermal stress acts on the surface acoustic wave devices. 
Consequently, the plurality of surface acoustic wave devices without the variation of temperature 
characteristics can be obtained. The surface acoustic wave device according to this embodiment is 
manufactured via the above process. 

As described above, this embodiment provides a surface acoustic wave device having excellent 
temperature characteristics without changing its characteristics such as the electromechanical coupling 
coefficient and surface acoustic wave propagation velocity. It also facilitates the evaporation and 
removal of moisture during the initial junction operation and reduces the stress during the thermal 
treatment. In addition, the groove portions are absent from the substrate center of each of the 
individually divided surface acoustic wave devices, so the surface acoustic wave devices can be 
obtained in which uniform thermal stress occurs despite the variation of temperature, thereby reducing 
the manufacturing dispersion. 

Although this embodiment uses the 36 DEG Y-cut X-propagating lithium tantalate as the main 
substrate, it is not limited to this aspect but similar effects can be obtained by using a supplementary 
substrate having a smaller thermal expansion coefficient than the main substrate even if a different cut 
angle is used. In addition, even if the thermal expansion coefficients of both substrates are equivalent 
in the surface acoustic wave propagating direction, the density variation can be prevented to improve 
the TCF by setting the thermal expansion coefficient of the supplementary substrate smaller than that 
of the mam substrate in the direction perpendicular to the surface acoustic wave propagating direction 
The degree of the improvement, however, is low because only the TCV contributes to this effect. In 
addition, similar effects can be obtained by using lithium niobate, Langasite, or lithium borate for the 
main substrate. 

In addition, although this embodiment sets the thickness of the main substrate ten times as large as the 
surface acoustic wavelength, it is not limited to this aspect but the temperature characteristics of the 
surface acoustic wave device can be improved without affecting its characteristics as long as the 
thickness is larger than or equal to about one wavelength in which the particle displacement of the 
surface acoustic wave concentrates. 

In addition, although this embodiment uses glass as the supplementary substrate, it is not limited to this 
aspect but a different low-thermal-expansion material such as silicon may be used. If glass is used as 
the supplementary substrate, it can be joined easily with the main monocrystal substrate due to its 
amorphousness. In addition, the composition of glass enables materials of various mechanical 
properties to be obtained to allow the temperature characteristics to be controlled easily. If a conductor 
is used as the supplementary substrate, it can restrain, for example, the pyroelectricity of the main 
substrate. Furthermore, in this case, when the main substrate is thin, its electrostatic short-circuit effect 
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enables the temperature characteristics to be improved. 

In addition, by forming the silicon oxide film on the surface acoustic wave device according to this 
embodiment, a surface acoustic wave device having excellent temperature characteristics can be 
obtained which has piezoelectric characteristics different from those of a substrate of the zero 
temperature coefficient which are conventionally obtained using silicon oxide. 

In addition, by forming the polarization inverting layer on the main substrate according to this 
embodiment, a surface acoustic wave device having excellent temperature characteristics and 
piezoelectric characteristics different from conventional ones can be obtained as in the use of the 
silicon oxide film. 

As is apparent from the above description, this invention can provide a surface acoustic wave device 
having excellent temperature characteristics and its manufacturing method without changing the 
characteristics of the piezoelectric substrate such as the electromechanical coupling coefficient and 
surface acoustic wave velocity. 

In addition, the invention set forth in claim 11 can provide a surface acoustic wave device and its 
manufacturing method which can help remove moisture while reducing thermal stress during thermal 
treatment, thereby substantially improving the manufacturing yield. 



Data supplied from the esp@cenet database - 12 

Claims 



What is claimed is: 

1. A surface acoustic wave devices comprising 

a laminated main substrate formed by directly joining a first piezoelectric monocrystal substrate having 
a first polarizing direction with a second piezoelectric monocrystal substrate having a second polarizing 
direction opposite the first polarizing direction; 

a comb-like electrode formed on a first main surface of said main substrate; and 

a supplementary substrate joined to a second main surface of said main substrate, said supplementary 
substrate having a smaller thermal expansion coefficient and a larger thickness than said main 
substrate. 

2. A surface acoustic wave devices comprising: 

a laminated main substrate formed by directly joining a first piezoelectric monocrystal substrate having 
a first polarizing direction with a second piezoelectric monocrystal substrate having a second polarizing 
direction opposite the first polarizing direction; 

a comb-like electrode formed on a first main surface of said main substrate; and 

a supplementary substrate joined to a second main surface of said main substrate, said supplementary 
substrate having a larger thermal expansion coefficient and a smaller thickness than said main 
substrate. 

3. A surface acoustic wave device according to claim 1, wherein said first main surfaces, including said 
comb-like electrode, is covered with a film mainly comprising silicon oxide. 

4. A surface acoustic wave device according to claim 2, wherein said first main surface, including said 
comb-like electrode, is covered with a film mainly comprising silicon oxide. 

5. A surface acoustic wave device according to claim 1, wherein an insulating film is provided at a 
junction interface between said main substrate and said supplementary substrate. 

6. A surface acoustic wave device according to claim 5, wherein said insulating film is an inorganic film 
mainly comprising silicon oxide. 

7. A surface acoustic wave device according to claim 1, wherein a thickness of said main substrate is 
larger than one surface acoustic wavelength. 

8. A surface acoustic wave device according to claim 1, wherein a conductive film is provided at a 
junction interface between said main substrate and said supplementary substrate. 
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9 A surface acoustic wave device according to claim 8, wherein a thickness of said main substrate is 
almost equal to one surface acoustic wavelength. 

10 A surface acoustic wave device according to claim 1 , wherein said main substrate is formed from a 
material selected from the group consisting of lithium tantalate, lithium niobate, Langasite and lithium 
borate. w 

1 1 . A surface acoustic wave device according to claim 1 , wherein said supplementary substrate is 
formed from glass or silicon. 



Data supplied from the esp@cenet database - 12 



file://C:¥Documents%20and%20Settings¥Administrator¥My%20Documents¥'i>fg^... 2003/05/07 



<19>H#B1*HF/t* (JP) 



«> & IB # ft A * "(A) 



(ll)WfFttJH^SS^ 

1-55070 

(43)iiHB ¥f«ll¥ (1999) 2£26B 



(5i)inta. 6 mim& pi 

H0 3H 9/25 .. H0 3H 9/25 A 

9/145 ''' 9/145 C 



SfSSft* Bt*3B©«16 OL (£12 H) 





ftHTO -259104 


(71)tfHHA 


000005821 










(22)miBB 


9 ¥(1997) 9JJ24B 




AR«?nstTeA^raaioo6#ffl! 






(72)&9J# 


AB Mfr 


(31)«*|B3RS^ 


»1PP9 -143599 




AR»pwnfA*RSsiooewa arras 


(32)«5feH 


¥9 (1997)6^2 B 






(33)«5fcffc£HB 


B# (JP) 




on s 








AE^n»*A^^*1006»« t&T«gg 














(72)589Nf 


2EEB fU£ 








*»W«**MW1006»« ffrrai 














(74) ^33 A 


#S± &B IBM 










(54) mR(D««] 









(57) [Btt] 

<. E&^g^©/h3l>Bl143tB?^^*««T 

So 

£St5 10 14. 1 0 1 ©— #± 

ffl±tc»lKSnfc»Jg«fi 103i. £S« 1 0 1 ©tt 

2i4i^., ffiWStS 1 0 2©MMflHK#. ^SS 1 
0 1 ©fftjgiRft&J: •) fe/hS < . ttttSfti 10 2CS3 




t o i • • • 

1 0 2 • - • MBMMS 

1 0 3 • • • »»«« 



THIS 



[ttftlft$©ttEB] 

[SH5IOH2] £*«4. 8WB£«R©-2f£IB±«:« 
^S-r«cift«S^3tifclll8WtfR4*«il. mfffifflffta 10 

5 C t &9Wlt r Zffiim 1 £ fc« 2 CCSBtt©iV1£ 

m&mz.zca&&mfr2>n&mi *fc«:2cciB*© 20 
fa^*5fp-©xa«£ier— ©xssta^ assess 
[ it *jb 6 ] m tax^s 4 w zzmmmm t(om.mm^ 

[fS#gt7] BulS^ttME*. BWlfi«*i«»i-r 
SMSMSr* ^Ci t -r «»3S3B 6 CCfBi£©5$ 30 

1 isgj: 0 hm^c t &imttzw>m 1 ~7 ©t,»-r 
iran(c, ^ittsi^m^ c i ^sai t sis^ 1 

[HWaSlO] j»fB£3«©J?3tt> 5«£*®88feg 

© 1 i£s*ig-c*s c t^^mt^^n^MQ tcia«g© 
s«tt«a^*^o 40 

-r&aft&s i~io ©c>-rti*»(ciatt©wtt*ffiiS9R 

To 

>*^4**c4*4$*4-j-siit#3U~i i©^-r 

*-iaHCfBiS©5f1£5tffi&j^„ 

trntzmmtmsiMt, atrgB«*<t«9X8©fft. 50 



mew- 11-55070 

2 

fufaxstsi msEffimmm t z&mm^-r z mmm^j: 
mt. mmmm£i.m<D&. nuiaxsexcc®^® 
zmmrz'mmrsjMt £^t?c t z<&mt-? 

XH©f£ . ffiffi£l£^tiLhec«0£«ffi& -sue 
Mlgi, mriBmffi^fiKxii©^. K)ia^^«:©HUlB 

TiC^SH-r S^fHX^ 4 * St? C 4 4 T -5 ?itt^ 
HiSaR^©«BS*ffi. 

xg«:fet*s$MW««:»-> TteTtK©i$iSI5£Jfr£-r&?ft 
a^jssxasdtrc £ -r 1 4 cctats© 

?$fefeaiffi&5^P©Si£i*:frffi. 

[9I«39 1 6 ] flWEifiHSJR&Xeoa. B9IBiS«. 
buIBMSjSK. MIBX3tgJl®. BulB*iBi!>3t£M1S©<,> 

*$WR{U!llIXXg*Stfe 4*1^4* 3 
~1 5©l^n*tCfB*£©?itt^®^*-?-©^*S 0 

[0 0 0 1 ] 

s^©r$>^ 0 

[000 2] 

[fif*©e?^] ^»^aM©^siK:£ «s««t 

jr>j>jUKy^^A. -*^»y^^Att£©jE«**s 
J:0. *©*->hft. ^a^fSKcio-CBfifB^ttttdSM 

ao. mmcfccxmmmvv>mt>tixi.>2>. cne,© 
*©H*«as*«»**** < . ace. ia^iJta^^t^ 

[0 00 3] ^ttfrjift^^T-AKisc^rt^^ 

O800MHzW61. 9GH zS^it>W)5;i 

#r t > 5 . #stcte » Z P C S 7" A^BtWItc few s 
PCNVXfA&iU 1. 9GHz^|ffl(,W«i 



THIS PAGE BLANK wro, 



3 

glMmffilcmK (20MHz) ftotl,^. *t<Dtc 

t^c&tc (wui. 3 6* y*7 h~x{aja©*>£>a<^ 

!/*-?A-Ctttt- 3 5 p p m/'C) . HffifflSS^H^ 

[0004] &&mw : &.m*<j>m : <mMgim$iz®m-r 

<t*.tf, J.Appl.Phys. (Vol. 50, p 
p. 1360-1369. 1 9 79) ^ IEEE T 
ransactions Sonics and Ul 
trasonics (Vol. SU-3 1 . pp. 51 
-5 7, 1 9 8 4) {C^jStlSi'MC, ^>$JUgt';f- 

^^««*sffi«»*?Jc» , i- j; < ^aen-c 

t^S. $/c> IEEE Transactions U 
ltrasonics, Ferroelectric 
s, and Frequency Control 
(Vol. 41. pp. 8 72-875, 1 994)4C 

mi*<Df%m<mmm&&ttm? zumms $ t » 
ftrt>£ 0 

[000 5] «T«C «£*©Hltt3iiB«aR^«:o(,>rtt 
[0006] s-r. R#©JEmg«LBc&fbJi3KJ&*JB 

^^©SmBnBST?**. 09CCfct>-C. 2 0 1BEE 
SSS«. 2 0 3»»fSi. 2 0 4«^bS*M-C* 

^iLt«, ««JK\ EESSS2 0 l±{C#JfJ*ffi2 

0 3^sSb, wmmm203&Bi&2ntcK 

SStg2 0 1±CC. X^'-y £I&^Cc<f:<3^bi§*]g2 

^<bu (a*. im.mwffi&.&'CiEMitL-c 



(3) «Fggjp 1 1 -5507 0 

4 

[000 7] ^(C. BEtt£«&S(catt£ej|£J&£l, 

se*©?¥i4^s^^ccot,>-ciftBj-rs. no 

B. ESS««ffi{c»S5l£B*^iaL/cfie*©5!Stt« 
ItfWi^tfilS-cSiS. si Ofcfc^r. 2 0 l 

l*K.Wm&. 2 0 3«ifli, 2 0 5«#ffiKSBl-C 

EHSS2 0 1 <D$kmiCftfflx$zm2 0 5 *Bf&L. * 
©«. fi^l©2 0 3 ^®J5feH2 0 5© 

«9MSfttt*ec <£ 0 . * S 81 3 ©#@J5fKli * jf^-r 5 
io ctr, R^E*^«cJt^T^&Sfl"8tt*»4 

[00081 S/C, aii i3Emw&am±*SLim& 
«:j:»)-*Mtu if«©GE*#tt^3i-r^c<h*@e<j 

iUc, ^*©5#14«S^^©^fiK^b/c»rffiH-C 
*S. 0 1 1 CCfct^ 2 0 1 1 <DKMWM1i>hU 

&%.mm. 2 o 2 bjh 2 ©jm*«#> e & sffa&s® . 

2 0 3liWtitS>2.. C©«fi^T?B. ^a«20 1 
©J? 3 £?i14ilffi&#tg© 1 jftJUJlTKWRftr £ C <t 
{C J: 9 . i«tS*(**«Sa-r-5»^©?!iItt«ffijS! i BS 

PttasB**^*** o r t > s . 

[0009] 

*©?*tt*ffi^S-T-©i©^OC«. tCF©<fc 5 ttBH&W 

[ooio] sr. eM(^3^*>as£iiKJi&Riffiofc 
S„ T&fe*i. Sf14i£ffl?&igf£©!£{b. 5$14iSffii?&£$ 

30 Sl£©ttt*. S3ffittti£ffi&<Z>0tfk. ^7''J7X 
KB. iMfcS««©*W«6^*K«fc»). ffiHStS©)! 

mot, jE«a«©£E«»tt. mttaiBsssft^e 
{b-rsitoss%#L-ct^„ 
[ooin jag«^^ftj«Lfcfie*©?i^M 
40 saRT-r«. iss-c^^m i ©iE^s«^i«i»a(c» 

[0012] c©J: ^ ^tte*©5itt^ffi?gffl 

si. E«s«©s»««g^»tst^»tt*ffi?Sjis^ 
(ommzmtznz c t k < . a» %jaa^4^wr 
s5ittaB^^*jj;o--e©iJfj&^=&M«-rs *>©-c 

[0013] 

50 [PH^fl?^rSfc«)©^S] ±IBISgI*ll?^TSfc& 



C4) 

5 

K. SlJfcS 1 ©*»|l3tt. XS1££. HufBiStS©-* 

«c8M«w*/r;s -ricmmm^z intcmmm&t . 
j: o c t 1 1 *wtt*ir«jR-?--e* s. 

[0 0 14] Sfc. »*B2©*I6WB. 3ES&£. mf 

[0015] 3 3©#£6iPJtt v ^SSi 

« <fc £BS«i=r S iftS&gaDfl t . B?IEiS«S^XIi 

#>S. 20 

C0016] ttc, 1 4 (D2tc^B^6i % gmmmm 
t mmmmmm. t*?mi, r m*ftseat s m*iwm 

IBffl«jS«Jl« £ fciSSNB^GT Stt« 

ss^iii. iNreiLSs^jce®^. bmsb^*«j^s± 

H©fg. BUfBS^<*©BUlB«pff^ffi^^$*T,/cf)iaM 
[0017] 30 

[ooi8] (mi (Dmmmm) m i «. #i£b;jcds& 

TKTiSre&S. IlKfel,^, (a) tt^*4WH. 
(b) « (a) itfcWSA-A' »rffiia-C*.S 0 Sfc. 

^ i ctfci^r . i o i wiSfi, i o 2 izmshmM. l 
0 3««^m^-e*s. &*». *se»©^ar«. ±s 

Si 0 1 tlytf^ 1 0 0 Mm© 3 6" h X£J$ 

©#>*;!/& 'J *£A£fli<,>. tjgKjSSl 0 2iU-CJl 40 

2 3 o o umoxmMmrtvxmfczm^T^z. xs 
si o i (Dmztz, w&mwm&mctk^-c+ftm^ i 
oafiKRjeori,**. ^n^n©as©^K5s 

Misese^rsj) . tf^xssau. 5ppm/m 

-So 

[0019] «TK. ^l^©^jSCC*JWS?»tt*H^ 
[0020] &*WC. 3ESS 1 0 1 ifctttStS 1 0 2 & 
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titc. issi o i ts&wms&i o 2£i»rrs. 
SfcfeK. +#&cgfe#-rs„ f or. w*R**M{by 

>*-3A£jH^t*5Pt*i©^*^«:§»U S 

B&fc<*ft*&a. mm, ^^©^p^cc^ss^- 

^igftU ±*«1 0 1 MDISl 0 2*5^HfCg 
[002 1 ] tt«9S^3n/cM*S*^MS-r 

s„ ^s£fegcc£-oT£>&£?ia©&-£&fi#f#e>*iT 

t>S#. JrO^H^g^-irSfc^c. ioo-ciy±© 

fig-c^+^p,^+^isMa*tf'5o &*>\ ^ijs 

D S c <fc < . *st > xmi&li <Dte i » 

[ 0 0 2 2 ] &tc. »6tlfc«^flK0S»«flB»ia{C. 

«^©7 *h'jv^?^ g^j^fflc^r . BBm® i o 
35:fjEE-rs„ c©-7'n-fextc*ji,ir7* h 

«±©7*P-feX*ig-C, *JUfe©JfJg|(C 
*SW S5it4^{B^-?tt^3 ti So 

[ o o 2 3 ] B?riB5it4affijg^^©iaa^l4«:-^ 

5i14affiiS^©Jl^®®i|#tt (TC 

f ) tt v ia(Hfl«j{c?*tt«ffi?fteffias©as«c#tt < t 

CV) t, m*Wfc<T>®M®m&. (a) OiKiot^ 
^.e»ns. Sfc. TCV«{Sm{C«BS©5»14^iS!©S 
S^-fb<t^S©zaS^bicfi!c??0. ^>^;^';^^a 

-^^•^^■;?-^A^<»:©ifttS^Sffi«ft©TCV cs 
t,^S. 

[0024] *«S©Jf^(C*J^S?f14^®^^CC^ 
« l 0 l ©Jf!S*ss*tt^Hit«as© i i&gfeLkr&S© 

mmmm i o 2 ^©ifeiiss^st^jcsaig-r^i^&^jcj; 

5Wtt£tt©SEffc***r S^g*s* So 

[0025] *i©s©jf^{c*st,>r«. ^ss^Sft©^: 

*^ci«« lOlt, ±SSJ: 0 . I^.Ii5S^© 



f tec <fc 0 ±«S©«Bifi»"PttffiliJ£**JfPffl O . EES 
/N*<&5. fif-^r. TCV©^b#s>h;*< 5f1£ 

[0026112 tC*Hifi©^Sg{C*$WS?»tt^S^ 

It. *y»^»5 0 0MHz©l#-hft»?-*flil,> 
fca^tcoiitotor*^ c©iga>&fc>a>&J:5 10 

©ia?S^jaS#ttr*S- 3 5 p p m/'CKit-^T. * 
*Sfi©^SICDS*tt*ffijSSR^t?«- 2 0 p p m/'Ci * 

miasm sntir^ciA**^. 
[0027] ^±©<t ^mmommcis^rit. 

itS *S C <h «e < . a»tt«aS3tt**r*- £?$14iSB*ft 

[0 02 8] fcfc. *Hmojg*{C*jt»rtt. EEStSi 
OT36' YA^hXfilOJ^^K'^^m* 20 

©5itt^®iSetS*r6)©l»l^5g^»*5[gJ^r * o r . 

r . ti»*«©^®«SSc#SEE£iE© feoiHWtf 

•SC t7&5pJtg-C*^ 0 wa, -e©5St#^J*«» TCV 
©SF-^©*tft-5fc»/h$<3tcS. *fc. 

[002 9] ^HJfeC^jUKtels-Cti. EESS© 

H345*ttaa»SSg©*>) 1 0{g£ C*UCR6 
r. 8WBJSt3tt»tt«ffiift©tt J FS6fik*J|(l+-r4 lifts 

gflyjUbriMiti. Pl4^®ft^©^jci*g=&^* 

#-C*.5„ Ltcft-^X. *HJ6©^S8{ctet»r. iESS 
^3ti/ci«S©-»EEBPJ5!P65f^©PSttlX=&tf 
-p-c±S«i©Ji£;*S:«<-rtttf. ftt&SK*»6©i&b© 
f¥fl»**:S<&*). <fc9-JBfflfla*tt**»-r4i:i# 40 

[0 03 0] *fc. 2Bafim»«:*jc>rtt. 

7**H§(,»fct§£-K:tt. -?-©#^SH14CC J; 0 . tt&AT? 
**^«i©«^#KSaitt*. #?*©«£ 
«:«*©»«£ ioti*; ©»KK)&rt£)t«&o fctt*4 
£f#£C Sa#tt©$fJW^i^-5„ * 
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[003 1 ]*fc, *IQS©«Si©5ittaMjft*^± 
t >r » 6 >*: -tf n fi£0MK£«©Ett£t£ t it 

[0032] *je5S©^«©EES«CC^gJSWS 

«c . mt «t «it& *> K.n¥f\i* w-r *> 

[0033] (S*2 ©3gffi©J£JB) H 3 «. *$m<Dm 
2 ©XMKDJHftCistt &^1±*®jft*^tf )&©ltPg£ 

?jvr»rffiia-c&&. @3{c*s(,>t\ loittiStg. i 

tt©0«rtt. 101i 0"C*S 3 0 0 umXiJ 

»ni2* Yese©$>3f;uKy^^A%fflt,^ m«j 
s«i o 2 tvxmz i o 0di©*7xii*ffliit 
3£g&i o lowtt. ?*l4affiiftiftstclt-<r 
+^<tftsurt,>s. -en^ti©s«©i^?s 

|6J) . </7^IWl2ppm/-C-C*5. «Jg 

1S103 (ommz. ±MLtcmi (omMo^mtmm. 

[0034] «Ttc. 2^S£©^{c*$^^5»tt«Sjft 

*^©»®*s*iaH*#jiauriftwrs. «t 
©^cc*st,^r. ^{ci^BjcD^t^wtcocirs. l^i 

[0 035] ST, ±j$L/c* 1 ©^©Jf^i^K 

u, ^Mmi o i ifflsjs® i o 2 t<Ds.mm<&zn 

-f 8fl5*m»-C. «flfil0 34Mt5. «±©7' 
[0 036] 'Aic, B5l25¥14«®ift^T-©Sa^ftt«co 

c^ri»Hj^-^ 0 &&mwmm : ?-(Dmm$mmm± (tc 

(TCV) i. 3RT««©^®^ (a) © 
iiaot^^ns. *S©fi©}^SS©J:^{c. 
fflRcEMh3tt£SK lOli. eE«SJ; D . ^ 
SS^^©^#^Sft(,SS 1 0 2 £fltg^L.fc*§£«: 
tt. iE©S^f b(c <fc 0 fg£rJ?®©3E*«tc3 1 5g 0 

T, *^iS©^K:*jWSEES« 1 0 1 tlfflSUS^l 0 
2 © J; 5 )feSS©ffi*-^*?-&iC*jt,^-C«. Z£S«CC*SW 

ii©^iii£f#£c ffi-,t, ±a?t/cmi© 
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[003 7] Stfc. *3S*<WB»«:*sl,»-Ctt, 1 
0 1 thXXti-j H 12* Yfcmvz^tDimof-y 

fc. is^iur. ^*^y>^A*>^>#-y--f k 
[0038] ttc, #ju&©ft>^&c*5c>-ai. fflWtt^ io 

[0039] fcLh©cfc 5K> #SSJS©J&«K:*it,>TB:. 

[0040] (Sr3©j§fe©0Jig) ^4«. #fp;i©lfl 

3 ©3Q6©»J8{c*sW SSV tt^Si^^©«t)i£©OTS£ 
^•Tifffi0-C*-5„ H4{Cts^r. 1 0 1 1 20 

0 2 «if bjss. i o 3 itmmm. 1 o 4 
ig-c**. *su6©j&a§-c». isffii 01 to 

TfS100(im©4r Y*^X»^t^f'J 
^"}A£/B<,>. fiBttSSl 0 2 i LTJ1$3 0 0 urn© 
®^lt'5B**7X*S>&ffl^'ri^ 0 i««©J13«. 5$ 

*ft©^©*MB3R«»tt. .=. * :/» •/ * -5 A#s 1 5 . 

4 p pm/'C (5¥ttflE&{aB*fr) . A*7^IS*s 
4. 5ppm/"C-C*5. Wlil0 3O«SS 

«. JBl©SI(fi©3I5J«tH«r**. 30 
[004 1] fcTFK. *JDfe©^(C*}W-S«ftt^S* 

X^foRjfiTSffiSHffliiffiRLrsiw-ri. JUT 

©^{ctiCi-C. #{CiftHJ©fct,»4)©CCOt,>Ttt. Jjfl 
©JUfeOJ^fiSilHlDfrS. 

[0042] £-r. mi(Dmm<DmmtmmicLx. £ 
isioi tfflffljss i o 2tzm.mm&?z. ^c. 
rnz&mm i o i <D-yj±m±icmmnm 1 0 3 
-rs„ «««:. irawessi 0 3*%^sn/c^ss 

1 0 1 ±Jcttft3£jRB 1 0 4£*/< sr * >; > jfc 
J&-r&„ ^©^a^x^rig-c. *^JS©^w:*jW-s 40 

[0043111 ©£tt<Dft3B£|38tC. sas 1 0 1 

tmmmm 1 0 2 M^t^ciWot, mriew 

^©*WK5RfiK*^«cJ:Sl£*«:«fc?i. £««#<*©*§ 

sn-rc^fe*. se.«:ag[!|ti4©et#*5pitii^o-c 

ccoysmzmikxm^tcm'&t.cbt^x. 
«©^H±*^k§-<±Sci-c. ^©JEit^lSSrWirs 50 
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[0044] «±©J: ^fc. *8li6©^jS(c*jt,ir«. 
#&©tcfjnxr. fit*K{tsiR^4ffl<.^rf#6nri»fc 

[0045] *5^©Jf^«:*j^rtt. 
Lt4r hx^©^:t:76§y^A£ji<,>fc 

^©^*5f#6n-s„ sfc. MSts© 
psi*3lffi&<a^ft ©fSy£m&#|E^r & o r . !¥ 
tt^ffi»etg*i^jfcsii:^*i*]©^?g^^!(coor . 

ffi«J*«©^ffiflH8:#±*«© &©<fc 0 fc/hS »*l 
tf. »flSE<b*»»«-*Ci3*J-C#. TCF*3fc«r4 
CtrtSnJIfre**. fc/cl, -€-©B^#^m(i. TCV© 
S#©*i&-5fc«)/jNS<&-6. Sfc. aESSiO-C. 
*>^;l/K , ;f'JA^7»!/t^ K #«5*y*-?A3§s 

[0 04 6] £?c, 2fcS©g©^®{C*jC>r». 1if»S« 

[0047] <»4 (Dmm<Dmm) m 5 «. *§tw<Dm 

4 ©3afeCWK«CC*JW 2,?i14^S^-^©^fiS©mB«?: 
^•TBfffi0-C*S o 05CCfc(,^r, 1 0 1 BiSf , 1 

0 2 1 0 3 umtmm, 1 0 5 aasse 

a-c&s. &*». *ms©jgss-c«« sitioiii 

tf3 100/im©3 6" Y*-^ hX(aS©*>^;U^ 

y^^A^fflt^ ffim&foi 0 2 tLrj¥5 3 0 0 am 

n©S«©lfeSg3g^^(i. £ > # U * V A# 1 6 p 
pmA (5itt^ffi^eje^[Sj) . *7^SW4. 5 
Ppm/WS. */c. ©Jf5*@l 0 3©«jSW. ^ 

[0048] JWT(C *3IJi©^S|{C*JW53*tt*B?g 

©iftHJ«c*st,^-c. ^c|^Bjcr)ifei,^©K:ot,^r», mi 

[0 04 9] $-T, ^l©«g©Jf^.<b|5|1i(CLr. 3E 

ifiioi <b«Kj»« 1 0 2 i^ifiss^-r-s. #«c, 
sasi 0 i±t,c&mm&mi 0 5*&m-r&. mm. 

»ffiS?£Jl«^*a h>safe*sJ:D f ^a©lie{cJ:o-c 
f^24a^„ *J|]!iS©ff$eg{c*i^r«3: > ^©SRJ1©J1 
3te5$14^ffl$ifc6©l/5<!:L-C<,>£. ^f^CC. HgfB 

^jsik@ 1 0 5*s^fiSc3n/c^ss 1 0 1 ±icmmm 
Si 0 3?ras©7* hyy^7 7^ya-fex^fflt,ir 

Butts. &.±.<D?n-z?.zmx. xmmv&micistt 
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[ o o 5 o ] jfn <Dmm<D?mtmm^ am®. i o i 
^©m*$tt*3fc*-r-5c -entcjnj^r. 

#**©»»©»£«:». i»«±Cc^SJSIBl^fiJ5 

fcW^ccJt^r . i 0 — Jli&g#1£©&#£B£ ci*s 
oJttife*. 

[005 1 ] feLh©* 9(c. 4geiio««cc*ji»r«. 
*-s©fcjnx.-c. ft*. ^-ffiJSKJi^fflo^-cffetirc^ 

[0 052] fete. *3U6©Jg»CCtel»-C«. £Stg£ 
IT3B- Y** hX{£Jg©£>*;l<K , .J ; ? L '7A£fl3t,> 

If^ffluhti. ra&©3bS#tttJE>J'i&. *fc. MS« 
©5*14«®^et8^l^©«i)^Sg^^:*s|g^-C* ^tt, 

r . mmmm<Dimm&m&3z.&m<D &© j: o » 
scianiFtecas. fc/cL.. *©»»»*». TCV 

©^©^ife&fcfe/J^feS,, £M£L. 

[0 053] *n«©»»te(,>r«. 

«ttJHR*ffli,»fcJa^Cctt. tt*. t££a«t©£t*tt&jqi 
[0 054] gfc. *HJfi©Jf^{Cte^r«. £Stfc<t 

& e. up d u tc^.mm t mmm&z m. 

T«. 2KQ6©^»(c|R*fc©'Ct4tt<. #ffi:£|Sj©lt 
«c*E««RR±*ia«»^-r S C 4 t?±S«*»)Sb 

|g)l©<lS (c#K$iJIEtt& < . ^-@Jgeil©^3 K «fc o 

r?*ffi)»S5r3S!R-r*i«» «*©ff«8tt*«-rs«a[ 

«ftt{c«tifc9H4SJBB«9R : f-*»*C 
[0055] (J&5 ©JgS6©0Jg) 0 6 {*. ^bj©^ 
5 ©H»©JlSSgK:teW £3$1*^ffi^^©1#J?S©f8«£ 
mTWffiH-c**. Hetcte^r. i o i ailfi. i 

0 2 MfflU&agt. 1 0 3 ItWBmm. 1 0 6 »**t£jR 
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-e**. fete, xmmv&m-ea. out jp 

S100ym©3B' Y*7 ? hXgj»©2>*,>U&y 

S10 2B. J?<* 3 0 0 y m©ffiMUg«*f 7 XSfif* 
*. fete. *ti*ft©^©JNig«ffitttt. 

v^wmtA:. 5 P pm/m5, s/t. mzmm i 

0 3 ©WAR. m 1 ©**©»»ilBI«-C*£. 
10 [0056] feTRC. :*^©ff^CteW£5$tt*luSig 
^■f©^^4SM*#MU-ClftHj-r^ o «T 
©l&BJIKteo-c. #{c§iBj©fec^©«:o(,>r«. 31 1 

[0 05 7 ] ST. 1iBfe»fel 0 2©-7J±ffi_k©. 'p 
fe< <t£>WF$m@l 0 3CC*fj£Lfc^(C^S1tfe|gl 0 

6 *%m? s„ *H)te©ff^r«. igsffli loeti, 

-c. sricsosojgHiHfliJcor. £K«io 1 ifr 
lejgnffig i o efiwi&ztitcmMmffi. 1 o 2 i^ss 

20 S^-rS. ^K. £«&1 0 1 45F^C5f14^MKigS 

©iagsacc*-c»«fb-r^o «atc. iisio 1 

±{c«JK«te 10 3 ?:I^07 tH)vW7^ 

[ 0 0 5 8 ] m 1 <omm<DBmtmmc< 1 0 1 
tmmm^Ri 0 2%ie«^-r-sc<t(cj:-,-c. buibm 

^©afla#tt*««r*ci3wr*i. -e-nccmr. 
^S6©^.«©*§^cctt. ^S«<tffiffi;SSt©nBfc^ 
30 SttJg*^fiSL.. ^S«©J?3*»< Lr(,>S©t?, s 

&mmm*mm-r sci^-ct. ?fi4^ffiiffi3S^©s 

SWtt?: S 6 CC&#T -S C t #5 pjfig <b fe ^ . 
[0059] «±©<t -5 5C. #HS6©BJ8K:tet,»T«. 

afiFfes®!^Ftt*wrs?*tt*usa»^f#sc <t*i-c 

*S©(cttJ^.. »Ji5«S©^SlK«*ffiI^.-5Ci*s-C& 
[0060] fete. *JQS©ff$.1^ctec>r «. 

40 ffiWSSi Ur3E»« J: 0 fe/jNg fe^0SB^^*WT-5 

*«4fflc>n«, iaj«©^m*n#en-5„ ttc. mm®. 

r. *SjSS©l^05g^*^S«©fe©J:D4>/h^W 

n«. ®fi^b£WJ-rsc<t#-e*, TCF^tt 
SCi^pjft-c*^. fc/cL.. *©^#^fjm«. TCV 
©^©^tfe-Sfcfe/J^feS,, $/c. EEStiL 

fcis^-c isHi©£ft£«s& ens. 

50 [0 06 1 ] */c. *HJS©^ffitCteL»-CB. 
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<Dm<DWtd*mm * rat » x i> <t t >„ 

[0062] *HSS©J^SItC*Jl>-C«. JiBfrStg 

w.n.m*fcm-z>t lx t> <tt>. 
[0 06 3] ttc ^mmpmmicis^xit. mm&m 

tLX9a&&m^tc1fi.' ch'fcRfc-f. fl&©£JB*m 
=&rat>rfc<fct>„ 

[0064] (!fl6 ©5Ufc©J£<i) 0 7 tt. $jfel!l§<DJ|* 10 
6 ©^©jaiSCCte W £S*tt*ffi#ySI^©*iJ&©t|l{iiS£ 

^-rsrffiH-c&s. mucis^x. i o i ttiifi, 1 
o 2 «fgHj»£. i o 3 itmmm. 1 o 7 tx*Biti$K 

"C*So fete. 2|s*J6©^8S-C«. Oltlt 
J13 1 0 0 wmCD3 6' Y# ? h X£t8©£ >2;1>&M; 
?^A£rat>. ffiSSStgl 02<tLTJ?i*3 0 0Mm© 
i";:3>»££rat>fc„ ^»«©J»${*. «#tt3lffl&-& 

©&B3g{fc&tt. £ > * Jl^ ^ ^ A# 1 6 p p m/"C 
<#tt3lffli££$&frfo) . **7X«^*S4. 5ppm/ 20 

•ct*&. s/c. 0 3<Dmmt. m\<omm 

<Dmmtmmx$>2>, 

[0 065] &mc. 4m<!>J£!ftCC*stt&ai&gl9i& 
^-f©$SljS*ffi*0Si*#ML-ri»wr4. fete. «T 
©ISBjKteor. fttei&wote^boic-mxiz. mi 
©^©^i|3)Di-r-S 0 

[0066] g T. filtt^g 1 0 2 ©-*^ffi±5C,fg^ 
ttI10 7?:Mt5. *«I©MTB, «SS1±Bil 

ooo^>^'x^0-Afi^tw. ok hi© 30 
wmcommtmrncux, issi 0 1 iBaf2tei^t4M 
1 0 i&fcmztittmmmmi 0 2t*m.mm&irz o 
sm. 1 0 1 ±tcw&nm 1 0 3 *iis©7 * 

h y^77 -r ?'znz?.$:mi<>XBf8,?Z>. tUi©7"n 
-tzx^rigr, *HSfi©JI5««:teWS?»l4*W?^^-tt» 

[oo67]ii (ommmmt mmic. ^mm 1 0 1 
tmrnrnmioz^mmm^-r^ctic^^x. mibm 

^oiagMMftsci^r^*. *ftccfti*.r. 40 
*HSfi©^S8©tB^(c«. tffftg«<h©!fflK:*6 
ISttMfcJBJsSbrt**©-?. afi£WK:it«S^*5E»fe 

tctour feBS^^*i oJtfci fe 6. 
[0 06 8] JW±©<fcMC. ;*3«S©#ttK:tet»TK. 

[0 06 9] fete. :**S6©j&a&6Ctet>T«: > ilSi 
Y* ;; hX£as©*>£;l^>;?^A£rat> 

c*ucisge>-r. ffe©*-v (-#&rat>/i:*§£-e4>. 
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5itt*M®e*e^rifij {csiafe*[si©^u^^!{c 

T. ffll»a«©^^^!c*^Sg©fe©J:f3*>/h$W 

£C<fc#wnirC3>£„ fc^cL, -€-©^#^m». TCV 
©«-^©*<hfe6/ctf>/N*<fe-5. *fc. 

r. ^A^^tf-^ k *^yg^A 

i?©a«£ra t > nttoaubPff e> *i z . 
[0 070] *fc, ^tfls©»»(ctei»r». 

[0 07 1] 4ge6©»«Mctec»-ctt. 
fflKc^ttM^ffM-r & i L- r taw l ?c#. c n(cpg e 

[0 07 2] Sfc. *3Q6©^SSfCtel»r«. «§!i1*feJg 

Jg^rat^-c&it*,, 

[0073] 7 ©j©s©^s) yctc. *mw<Dm 7 

©^M*. *^«©S*tt*ffl?e^«rffiB:<l-fSL-CPI 

— ©s«M«±«:^-r 4 «^o«js*ffi{c n-r 4 © 

T*4o H8«. *»W©W7<03te»OJ^ilK:teWiW 

8ttte<,>-c. 1 0 1 1 0 2itmw}mm, 1 0 

3 teffimmfe, 1 0 8 w$tsi5. 1 0 9 ammux&z. 
fete. 3^ai©»»T«. iiMi 1 1 toxmz 

10 0/Ltm©3 6" Y^f hXfeJg©^>^;U^';5 1 ^ 

A^rac^ ffimmmmfci 12 tuxm^ 300 uokd 
fmsm^^^mm^m^x^^^ ^m&mmi 1 1© 
mziz. wmmffi&mcit^x+ftm^ 1 oigsjcg: 
5£0Tt,>£. fete. *ti-en©s«©^5S#»«. $ 

>*;l#';f)A*il6pp m/*C (5itta®^{£M* 

. *'^XS^*J4. 5ppm/'Ct*5. 
[0074] «Ttt. 3t3liS©^!g{CteW-5?*14^S?S 

sg^©«?ig^^sffi^#fli l x mm? 4. 

[0 075] ig:»J(C. ZMmBM 1 1 1 iffiS!jSSM« 

1 1 2t<DW&m^:JM<<c~i^xwm-?z>. s-r. mm 
#£iB{±Jitf;*nfc, i»SM®i 1 ite«fco'ii«jS« 

J0KIE1 1 2&mmth. ^CC. MlftttSUffil 1 2± 
(C. ^»f^ 1 0 9 icftfcb tcGLW.lcmdfc 1 0 8 ZBfS,-? 
4„ 2tg(Btt©»«rtt. MBjSSM^i 1 2±tc&m^ 

2->&jtmL, ffiBhmmmmi 12**. 
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1 1 2t>m®icm&2tiz um$&f. ^mmo^m 
©=k ^ tc. mmmmmmi,.i tkm^titcmm i o 8 

&c<£^T&&sgs©&£^#sf#6*rri>s#. «fc») 10 
%S itS/cfeK, ioo °ctJ±©SJK-ei$t+# 

[0076] jjfc. ffi&<D ®Mm%%XDmteZ> 

[0077] ;xcc m(btitcm^(D^m^mmmmm 

h©7 - ';-<-^^i<DJjn^^'p-fex-c«s«ii« 30 
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